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(54) ANALOG/DIGITAL CONVERTER CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a pipeline type 
analog/digital (A/D) converter circuit in which a change in 
the voltage range of an analog input signal or change of an 
input system between a differential double end input and a 
single end input can be easily performed without redesigning 
a circuit configuration. 

SOLUTION: When the voltage range of the analog input 
signal is VINp-p, the full scale range of a sub A/D converter 
9 is switched to VINp-p, and the gain of an operational 
amplifier circuit 1 1a is switched into single. When the 
voltage range of the analog input signal is VINp-p/2, the full 
scale range of the sub A/D converter 9 is switched to 
VINp-p/2 and the gain of the operational amplifier circuit 
11a is switched into double. 
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fctt 0 tf *flKc i D m 2 ©3*#A2>fI#*§W £ y - 
[0 0 7 3 ] (14)91 4<D%m 

# $ ft /t T ^ n ^ff # i it^T & «»©Jt«S <b 

:oo74] c Sismji^iiissccct: g 

xt? £ ;^»g07 ;l/ x u > z; lc$)K)W?L 

[0075] (15)^1 5<Z>£S9i 

3 ft fcXfgWE ^rS^CD^fi^C ft * ft^ it £ SifcD X 

«J9»*#SH\ S«SflE^@SSCC 
cfc 0 RflfeS ft£3*gmaE£ nJ^tiS^T& nJX8B*dtf 

[0 07 6] COiS^, ^*EE*£HBfc <fcO#6£S 
[0 0 7 7 ] 

[«w©»to*»] (1)91 vmmomm 



10 



20 



40 
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r#£ 0 0i©T^ny-^^^JWpJK«, lot* 
[0 0 7 8] aucfciit, rtn^-fs;jr;^@ 
883-6, 1S^5^5 1 HB7*5j:DfUi^aB8^?>fi! 
[0 0 7 9] l&m iWSt) ©HIB3 tt, SJ9#*aJ&g 

a, D/A3>;^^10, ^9fipif5Jte&jprjf#%Wr 
&ttWtWBIS 1 1 a % M&IhIB 1 2 *Jct WUffifJIInl 
SSI 3£fifA£o mwmil 2fc<fctfSiiMi«ISBl 3 
*««»t*IlslBl 4**^-T*. 2^BfcJ:CX3SgO 
HB4, 5tt. ^^A/Da>^-3r9, D/Aa>^ 
-*10, ftffJMSftl 1, «J«gB 1 2 to <t cxa* 
*f te@B 1 3 ftcMnlB 1 2 *j i CXnffiMB 

bi s^MoumnaBi 4*««-r*. 4©a <*k 

S) ©BB6«, tf-yA/D3>/t-ir9©^*fl|it 

[0080] sio^v^^^artoy-f^ 

^HIB 1 #18 2 0 ©S^©r tn^-ft?^ 

Riooiflftsoij, i&tm<D®9&3tfCWK)Wz.*jm 

a*cfc»»0«ApItBa:*i|#**-r4»»it«HBl 1 
[0 08 1 ] CCt«, 1SB<DHB3|*3©^A/D 

EU>^VIN P . B r^n^A^ii-^ 
©«EEU>^*SVIN B . P /2©i»{ctt, ^tii^L 
^«EU>iPV IN D . P /2CC«J0«A&n* B *fc, 
lRSOBB3noailHMBBl 1 aOWfftt, 
oyA*fe#©«EEU>*/3&sv I N p _ p Oi^tc^lfg 

[0 08 2] iaS-3|8BOHB3-5rt<DD/A3 
>^*-^? 1 O07;^^;H,>^|jj^ 

^4|8B(DiaB4-ertCD1f^A/D=i>^^^90y 
B3rt©S»f(i|HlBl 3*j<fc^2l8B*5 < t^3l2B© 

@B3, 4 ftommmmK 1 1 . i3o^jf#«2r^ 

[0 0 8 3 ] H8a©HB3«4 tfy hflljffi, 2-4g 
a©0B4-6tt*n-eh2^ v h«SEr*4 Q 1-3 
gB<Z>@B3-5&C;folvr, t^A/Da^-irg, 
9afcJ:OT/A3>^-^l OCDtT^ h£fc (bTy 

[0 0 8 4] T±U ?K£>m j %<D J m£ U > isfrV I N 
©W-^tCfe^SBIlOr^D^-^^^lftaB 

-^^ju^ftiHiB i o o tmmx*h*> 0 



30 



(9) 



15 
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[008 8] t^A/D3>^-^9 a(DA/D^&*£ 
«r*4±tfc4fcfy Y<0<rVZ)VW] (2 9 , 2 8 , 2 
7 , 2* ) tt. D/A3>a^5? 1 O^&mStl&tt 

ft£ a D/A3>^> 1 WA/D3>^-> 
9a©A/DSJ*»»r*4±(44fcT^ KDfV*JHH 
* * T ^ n ^ft-^c ^ £ □ 
[0 08 9] D/A3>^-^ 1 0CD^;l-X^-;VU> 

[0 0 9 0 ] 



[0 08 5] CCtti, T ^ U VKftm^OinR. U > *s, 

[0 0 8 6] tf>^;l/^-;UFIsIJS2«, T^n^A^J 

intt, lSBOISBS'MeSSftS. 

[0 0 8 7 ] l|gS<£>HB3&C*5l>T, if^A/D^> 
/*-*9 a&iSBEU>t?V I N,_p/2<DT^U^A^ 10 
I^V i n(C»lt7tD^f C 

( H9:S<E>#&?f6- 1 ) x (D/A:3>m-£ 1 0(D^;U^^r-;l/U>^) / 

( i aao»iB«> 

= ( 2 * - 1 ) x (VI N„. p ) /2 4 
= 1 5 V I N-p /l 6 

— ttlPMiaBl latt, T^a^A^Kf-^V i n 5K«^CCtt5pJ»«2f&CC«JD»A6n4©r, ttffiftBia 
*^>^y >^lt»J:!>M-r6o ±fEi<D<fc5 SSI 1 8i<DMt)&Kls>*JlZ'X&<D£ Stems ti*>. 

Kl % T^n^A^ff-^OSHU>> ; ^V I N„_ o /20D *20 [0 09 1] 

(T^n^A^fl-^V i n<DHEEU>^) x (Wmi%m®&l 1 aCT^tff) 

= (V I N P . P /2) x2 

= V I Np. p 

S»*fi|SlHlBl 4tt, i^tfffsHKl la*>6H«jSft ★ OtttfJtt. 2aBOHBS4^EiiSSti*. 
/cT^P^A^ft^V i niD/A3>/^^l 0OD [0 09 2] 1 ggCD^if 1JS0B 1 4<DtU^lEU> 

( (»ffJmiHRl 1 aC7)W^mffU>^) - (D/Aa>;<->1 0©jE« 
m*^BEU>t?) ) x («ff*fil@|Dli2S 1 4CDW#) 
= ( (V I Np.p ) - ( 1 5 V I Np. P /I 6) ) x 2 
= V I Np.p /8 



2&B©@»4Ccbl>'Ctt, 1f:/A/D:3>^-£9 

iaBO@B3©«»i«illKl 4©a*6c»Or 
A/D^Jft*tf5. *^A/D3>A-^9CDA/D8 
D/A3>A'-jrlO^KiSnStifc 

C*iCC<fc*K 2SBO@B4*>6*±{a2tfv hCO 
^sZfrtiijj (2* , 2 4 ) #f#6ft£ D 
[0 09 3] — # % MMHB lilt 1 ©acDHBS 
3©jj»»BHBl 4©W**i«iT*. MBPMBB 

Ma skmnam i©a»*iD/A3>^-* 1 40 

0<OD/ASaMi»i%WI|tLri«I-r». mbjmh 
B14<DW*tt. 3SBOI@IK5^IBa!3n-5. 
[0 09 4] 3RB©HB5«c4«rVCtt, 28@<D[I!B 
4<DM»JiitS@Bl 4CDtB^tC^L,r 2©ScD[p]B4 & 

6*Tfit2b'^ hCD'Fi/ZtWJj (2 3 . 2 2 ) #f#& 

[0 09 5] 4®aoiIB6tc*jlirtt, 3&@<Z)[eIB 
5 <D$mmUM$8 1 4<DtH^^*fLT1f^A/D3>y%' 
-^9^A/D»lfl\ Tf42 \Zv h<D?V>2)Vm 50 



* (2 1 , 2° ) 

[0096] ian^4aa©HB3-6©^*imi 

Mt. *^^^@B7*srigRFCcffl*iHiB8tcsiiar 

£ 0 -rato%. &^**llR7tt&|p|B3^6CC>7 s ^* 
[0 0 9 7 ] HWjIbIB8«, T^n^A^ff-^V i nO 

[0 0 9 8 ] ±fB©<fc5K:* 7tO?AAft^©lEl/ 
>^VIN P . P /2<DJ86«:tt l iaSOlUB30ili 
HifiUlHlBl 1 aCD*iJf#feJ:0*lg:BcDIeIB3CD1f^A 
/D3>A-^9 a©7;l/X^-;l/U>^^0ii^ 
C<fc«:«fcD % l&S®BB3®ttmaBBl 4*>&2 

aa<DHB5^*.6tisiH*m#o«Eu>^tt. r 

tc, VI Np.p /8itcS. *ftK:<fcO, Ti-WXti 
[0 09 9] l/c^^t, EBSIf«^M*fr3Citt 



17 

< . r 1- n ifKt>m^(oms. v is v><D$Emc>ctj£. Lft y 

c o i o o ] 3«*©**tc«i:*itt, Bmm&txg.* 

[0 10 l ] H2 (a) . (b)i3®l©7tD^-f 

CO 1 0 2] 02 (a) Kjj*rj;$R:. £M& ^Ux > 
FAWfctt. mmt«3SKi l a©5W»fti^{cUjr) 

£2 VIN... fcSJ<3§;?.4., *«rtt. Utt^^x 
>KA*©r^nyAA»#V i nOJEMTi-uifXt) 
mjIVin <+)ttl. 0V*6 2. OVOliffft 
U *«T:*-cifAA«EEVi n (-) «2. 0V*6 
1 . 0 VOttrtSMW-*. T^n^A^fs^V i n© 

[0103] 2VIN... =(Vin (+) -V i n 

(-) ) (Vin (+) - Vi n (-) } © 

*/Nfi= 2. 0 [V] 

c©*§£\ -f^a/d n>^*- $ 9a (ommm^miv 

re f (+)»i. 0V*>62. 0 V©36B-e^{fcL 
'•llffEVref (-)[j 2 . 0V*>&1. 0V© 

[01 °4]I2 (b) fc^-TJ:5fc t j»y ; i /X>F 
A2>B#K: f£, SSUtiflliigg i i a ©#Jff £ 2 fgftc^j 0 # 
t^A/D3>;t-j!9a07;l,x^-;H/>^ 
VIN... CcttJ&SM.*. ~»^;Im>fa 
AOTto^AMfV i n©JE(IJT^n^A^mffV 
in ( + )«1. 0V*f,2. 0V©®H-C^ffcU ft 
Wr±n*fA#*EVin (-) ttl. 5VT-fT* 

4. T^-n^A^fe^V i n©mffU>^(j. JfcSGOJ: 
5{C&4„ 

C0 105] VIN... = {Vi n ( + ) -Vi n 
(-> ) ©SAfii- {Vi n ( + ) - Vi n (-) } © 
S'hffi= 1 . 0 [V] 

C©*£. ^A/D3>AC-*g a ©iEW«!WtEV 
ref 0V^62. 0 VOfclTcSWfcL 

ft«39SHEV ref ( - ) « 1 . 5 VT-£r*s * 
[0106] C©J: 5 fc. Ml (DTi-nif -7=^^,1^ 

»lKfel»ta, ^»^^x> KA^^?rix> 

^;Ux> KA^^fc^H-rsCifcfcOr^n^A^J 

^0107] *fc, -»$Oux> FAAOT^n^A* 
KA^©T^n^A^fi#©SjElx>y^ l 



(10) 
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10 
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30 



40 



[0 1 0 8] COJrStCLT. H-OLSI 

suss) k*k,»t. Ti-n?At>im. mwmmmv 

4. •€•©*£«. B*«raoSffi{tl:i 5 C i ^7 * 5 i 

4 «> k . emnc^<t:«tf 5 c £ t> nj#e-e* 4. 

[0 109] (2) l&2©!Ufe©^j!! 
H 3 tt*^©Sg 2 ©3Ufi©^JS{ C feW ^W^7^> 

■C*>4 e EI3©r^ai/-f f y^;i^j S0 j Sl t 10 
[0 1 1 0] HSKfctvc. T^py-^^rjI^aSH 

[0 1 1 1 ] lJge©@B 3K4t? 2-4S 

9 b*s<fcDCD/A=i 0. iObfflf^g' 

[0 112] l«a ©|5isg3«° t^ A /D3 

»t-*9. D/A3>/<-juo, mumaMti 

IWWilS 1 3 a *fif*4. KftBB 1 2 feJ^WPf 
faSBl 3 SL#ffiWSm®B5l 4 a%flWE-T4. 
[0 113] 2©BteJ:o'3l5e©lilB4, 5tt. $39 
# * £ 7 ;b * - )i u > £ 5 ^ A / D > 

WA3>;t-$iob, 1, 

S§1 2*jJ:c^WJPfta@Rl 3%«A«. «|j[|lKl 2 

*s<kz?iMnma®& i 3 *wt§ifaigs 1 4 ^n^-r 

4„ 4©g (S^g) ©0SS6«. ^]fp#ADjgg^7^ 
X^r-jn,^^ *^A/D3>yt-jrg b ©* 
^ffi^.4. 

[0 1143CCTB. 2gg-4giot^A/D3 
>^-*0b*». 02 0©2Si-4glOt^A/D 

2S§~4©g«:2{S©fie<&flr-r4lf^A/D=i>^' 
-* 9 b tffll>fclH07tq ^-9*^ jr^SitBR 1 

[0 115] lgS©HSS3F«3©«Slti)ii(5ls§i 4aC r, 
W»«l*4 2ei«:t!JiJ#Aqj(Br**. 2m 
§~4e@©@|S4-6F»3©^7'A/D3>/t_3jg b 
07;U^-;H,>yilVi N ,. j/8ivIN> / 

1 6£K$UD#*Djfigr&4. 3 6fC t 2gafeJ:y-3 
©S©liIS§4. 5flOD/A3^<-$i0bO7;^ 
^-;^>y(iVIN,., /44V IN... /8 4K^J 
0§^.Bj#g-cS,4. 

[0116] C Cttt, 1 Sa©@B3(*3©jSgUffi|g 
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* [0119] l&B<E>[§IB3fc::teOT, If ^A/Da 
^-*9««EEU>^V I N^ P (DT^U^A^ff^V 

<D1f ^A/D 3 - 5f 9 ©7;l/^^r-;b 1/ >^»V I 
N D _ P r&& 0 

[0120] If ^A/D 3 - ^ 9 OA/D^ftfiS 
r*5±&4tr* YOfisZtom) (2* , 2 8 , 
2 7 , 2* ) D/A3>/<-> 1 OMBSSftSi 

£*a£ e D/A3>;i->10lt 1f^A/Dn>/^- 
£9<DA/D^J^mr&£_h{44fc' ? hCD^S/jrjUU 
*J * T * P y« SE8«- & o 

[0121] D/A3>;^j? 1 0O^Jl/X^r-JUU> 
^WH3£Stirc»4©T, D/Aa>M-ji 1 0<Z>IE£i 

[0122] 



10 



19 

Bl 4aOW»4 1f»«:«!H>»jtS. Sfc. 2©g-4 
©acD|plSS4^6rt©1f^A/Dn>/^-^9 b<Z>7;t/ 
X>r-;H/>^V I N e . P /l 6^0ii, 2g@ 
to<fcU c 3SB<DE8S4. 5rt©D/An>^-dr 1 0 b 

1 &acD0B3 ftCDtf :/A/D 3 * 9 

-Jl'U>^tJV I N D -p 2SIfeJ:l?3 
Sao@8S 3 , 4 |*i0ftff*tffi[9B 11.13 ©* Iff B 

[oi 17] ccm r^n^A*fi#©«BEu>^ 

#V I N p -pO»'&tCfeW4B|l(DT^ny-'7 s ^^;l/ 

■mars. 

[0 1 18] if>^*-^FHB2», T^a^A;f> 

i^vi n**>^y>yur— 3S»iBfi8*r*. if> 

inlt l&a^@K3^fS££*i& 0 * 

( lggcD^fi?^- 1 ) x (D/A3>a'^$ l 0O7;I/^^-;l/U>^) / 

= (2 4 - 1 ) x (V I Np.p ) /2« 
= 1 5 V I Np. p /I 6 
aHMMHKl 1 B» TtP^ifV i n£ » EE U J: 5 cc«sn*. 

■^>^y >yur*i(HttJ:DftW»T*. mPIMBB 1 [0123] 

i commit i fs-c^^or, mMNmB 1 1 cDfcti^m* 

= V I Np.pX 1 
= V I Np.p 

mmmmm uait miitfiBB 1 1 ^suiAsti ★ t o 1 2 4 3 1 mm<o$mmm9& 1 4 a 1 *c 

tcT-rntfAjim^V i niD/A3>;^Jl 0<DD 6*rCl>£CDT, 1 ©ScDMgif 4M1B 1 4 a 

aCDW^B. 2SacD|iI8S4^Kiil2n^>o ★ [0125] 

( (MmmiHBi i©HfcWMEu>5*) - <D/A3>^-dr i ooiEaa 

*«El/>y) ) x (ttJFJMHBl 4a©W») 
-((VI Np.p ) - ( 1 5 V I Np.p /16)) xi 
= V I Np.p /16 



2KS<J!>|§IB4K::fal>Ttt. 1f:/A/D =i»*-* 9 b 
iaB(DHB3 0SWifiBiaBl 4aoa*4c»L 
rA/D^»*tf^. t^A/D3>^-jrg b©A/ 
D^gM**B, D/ A 3 £ 1 0 b ft* <t 

£i>ttC, 3o©^^^|gIB7*^UTffi*llB8^«EjS 40 

£ft£o 

[0 12 6] CCMi^ tf-^A/D3>^-*9 btt. 
02O©1f:/A/D:3>/<~*9©2 tecDfllff * *r -5 
Ot % §2 0Oif^A/D^>/>'-^9(D^^O?;UX 
4r-;l/U>^V I Np.p /l 6-C2©aCDlHlB4^6 t f 3 
±fiL2Vv HDf^iuMH* (2 s , 2< ) #»6ft * 

(2Sao»«WB-l) x (D/A=i 

/ (2ai©»)»6) 

= (2 2 -l) x (VI Np.p /8 ) /2 2 
= 3 V I Np.p /3 2 



[0127] D/Aa>'-^ lOblt t^A/Da 
>-rC-*9 bOA/DS»»«r*5*M2t? 

* ;na* * r ^ o y m# k ^&*r £ . 

[0128] D/A3>/<-> 1 0 bCD?;l/^^-;UU 
>5^ttH2 0OD/A3>;^$ 1 0 V I N 

p-p /8CC«J0SiL6tirc^(Dr, D/A3>^-> 
1 0 bOjE«Ul*«ffU>^tt, £A0J:9fc*3ft 

[0129] 

£r 1 0 bCD?;l'X>5r-;l/U>> J ) 



» 
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ESS 3 OlttWdHB 1 4 a OfWB 1 CC« MM. 6 ft * [0130] 

( i &s<Dmni%mtzi$& 1 4 a©a*wEu>^) x mimnma 1 1 ®*j 

= (V I N P . 0 /l 6) X2 
- V I N,., /8 

[0131] 2SSCD«SLlflllIInIKl 4CDHi^«JEU> 



20 



1 4W\ ftffJWIBBI lOfflAiD/A 

( (llWkiRl 1©HH7«BEU>5/) - (D/Aa>/t-*l o"b©jE« 
ffl*«EU>^) ) x («»fipiIlggi4C[)*iJ^) 
= ( (VIN,. P /8) - (3VIN... /32) ) X2 
= VI N„_, /\ 6 

tTfcn£ 0 C ^A/D3>A'-^9b[j, 0 

2 0 (DV n * 9 O 2 ffiKE>flJC««-rSCD 
i 2 0 ®1f / D 3 ^ 9 or)^©^, JM ^ 

-;l>U>S/V I N P _ B /l 6r3|gS(D@ISS5^6*T 
&2fcf* hClTisZJimt) (2 3 , 2 2 ) j&if#6ft£. 
#S©ffl*«EU>^tt, 2aB©@B4±H*rc*" 

[0 1 3 2 ] 4mm<D®m6lCtel>Xte. 3&lB<D®B& 
5 <D^gLif HBB 1 4©W^C»Lrif^A/D3>/< 
-^9b^A/D^M?f5o C©»^, t^A/D3 
>^-^9btt, H2 0OtyA/D3>^-^9©2 

9^©7;^^;H/>e;viN p . p /l6r4S 
B©iB6d^Tfl[2e^ h<D?$>Z)\,}ftj3 (2 1 2 

to 133] isa-4gao[ig§3-6(D7 :r ^^;mi 

«. &^**0B7fct&@B3^6©?^* 
[0 1 3 4 ] ffi^jHK8«, T^P^A^ff-^V i nO 



30 



1 Ofc** hOf^^^Dou tfcatfgfc. 

[0135] ±E©<J:5K: k 03<DT^n^~r^£;U 
«ft@Birtt % 2«©«lS*Wrs^^A/D3>^ 

nasi 0 0(D^»fc3tco/cccfe*^to6-r. nmu>t> 

[0 13 6] CCDtg^ «EEU>^«:2«(Dffl[a*Wr 
WA/D3>;^^9 bfc«MfcLT3£#K:Rjrr 

*cicc<t5, *a©0B3-6*»n4**oftajaE 



40 



Vo ( + ) = (V i n ( + > -VRT1) ■ (CA/CB) 



★«f t ^ titers n * A^sa§iB*««-r S c <t 

[0137] c 3 ) &$KD®mmm 

04 ttH 1 or y - ^ jr^SMIBK 1 fcfctf s» 
StfftelSBi 1 aotMi o^^*riilS§Sr^) 

[0138] H40HJWMIHB llatt, MffJMM 
1 1 0, SiMSJOSAiaBl 1 1. ii2,n>r : > 
13, 114*jj:^^5^ii5^i224^ 

0 0 y^l 15-12 2tt. «U.ttMOS 

[0139] awtin 1 1 0 ©sKA^^isiteffl 

X.BB1 1 lasgtttSh. *fi<EA*WFi*SKHj^ 
H^F<t©lffltC7 y lot? £ L r SMffl^J 0 gx. 

eibi 1 2*ssjKstir^s 0 ttc. mnmssi 1 0 

©S^A^T-^A^SSiLTa>f r >tf 1 1 3#jg 

1 4*ig»Stirt*S. 

[0 1 40] lEffijT^n^A^WEV i n < + > *$J:tf 
fW»fll«BEVRTl*s**i-tn^-f ^r^l 15. 11 

6mr^>7 ? >ti 1 scc^jtsti*. *& % jum 
r^n^A^miiv i n (-) *s£vrpvammnEVR 
Ti*s*wn^-f^ii7, ii8^/hbr^>^ 

>*1 1 4fC#A6hS. WPfMBl 1 OCDJS^A^ 

38-?«\ ^ft^tlXY^l 1 9, 12 0. 12 1, 1 
2 2ftfrOT«ifiS<rci>4. 

[0141] CCr, 3>f >1M 13,11 40§1 

ffl^r-en-eticAiu, g»fflwoe^@Bi 11,1 
1 2cDsgffi*^n^ttcB<h-rs£, amuwMi 1 

0 OSiKffi^S-T-cDiEfS'jT ^ P ^ffl^mu V o ( + ) is 
^^SIEffl^rWf-cDMJr ^ p ^Hi^rSJEV o ( - ) 

[0142] 



4 




(13) 



23 



4SBB2 0 0 3- 1 88 72 7 
24 



Vo (-) = (V i n (-) - VRT 1 ) 
AVo=Vo (+) -Vo (-) 

= (V i n ( + ) -V i n <-) ) 

Ltctt-ox. ®m$A$}K>»x.ms&i i i. i i 2©gi 

[0143] H 5 ttH 1 ©7 1 u y - ^ ;l«jWIB 
1 fc*y^ ifflBHK 1 1 a ©flUKOS 2 (Differ 

[ 0 1 4 4 ] 0 5 (DSffittl^K 1 1 att, HffttffiS 



(CA/CB) 



(CA/CB) 



* 2 6#$&KS*vr<,><5o 

[0 146] iEffliJT^P^A^mffV i n ( + > 

EVRTl^n^>f^l 15, 11 



10 



1 1 0, n>f r >lfl 2 3, 1 2 4. g»ffi$J9S*.lsl 
SS1 25, 1 2 6feJ;tfx^7^115-122*S 

[0145] «H*f IBS 1 1 0 <DJ53SA^ffi^<t6^fii 



fc. ftffliJT^n^A^mHV i n (-) te<fcO^PaS*» 
1EVRT l^n^tiX^^l 17,11 8&ftU 

r^sfitw 9 8*0881 2 6kum.6*vs. stittMS 

1 1 0<DKIKA2>*?\ K«ffl;&MH^ ^JSteA^ST 

2 0, 121, i2 2^irgi?nri^o 

[0 147] CCt, glffiftf9§x.ifSl2 5, 12 
6©§*ffi**ft-e*iCC<fcU ^>f r >tM2 3, 1 



A#S«£ LTgSffi^ 9 1 2 5#s]BK3ti» 

*S«A*«^CcA*SJl4brS«<iW»3»*.HBBl *20 

Vo ( + ) = (Vin ( + ) -VRT1) 
Vo (-) = (Vin (-) - VRT 1 > 
AVo = Vo (+) -Vo (-) 

= (V i n ( + ) -V i n (-) ) 



2 4CDSfi{a^r^n^tlCD<bT^i, m&ms&i 1 
0<DBOiaiMtt]E9lTi*u#a&J9EV o ( + ) *j 
^^SKtB^^omflJT^ P ^tB^lEV o (-) 

[0148] 

• (CC/CD) 
(CC/CD) 



(CC/CD) 



LfctfoT, £«Btt3»*.liKl 2 5. 1 2 60SS 

<Bcc^^og^^c<btcj:D, mwommt&i uo 

[0 14 9] 1 1 OillHNBBB 1 1 aCDJU* 

fl9tt@B«sM>* i -are <Dmzm?®mmx$>z> 0 

[0 15 0]§6-aiim^ k n>f r >ifCa, 30 
Cb. C c©&*tt^Ll>SSffiC£WT£ T 

[0151] 06©Wttt 4 SKIPMSl 1 0CDJ5ISA 
i KifcfcH;fr£§^ £ O^CC m fflO n > 7 s C a CD 

<3Dn>7 =r >ifC a©3feJUl|jS*5gjKS htl^ fl CC 
■C, mttfiESOiEOffiBrC**. H«K: % SffWHS 1 

>r r >1f C a ©MJUHB <!: X -f ^Sa LifiMM^m 
i?n k ^omfiCDr3>7 :r >if C a^a^JHSS^SSRS 40 
htc>5. *fc. WIIUM81 1 O05)EA*Nmc2 

[0 15 2] jEWJT^n^AfcflWIV i n ( + ) 

ev i n (-) *s*ft«i;w uresis 

A^iS J fffliJcDn>7 r >^Cb^^6n€>o iSSGMBJS 
mUKV RT^fn^n^ >f-^S2 fc/hLTJKlEA* 
^PJcDm<iCDr3>f r >^Cb^J:^S^A*^ffl'J 50 



VR B#*tl*ti^ -f v * S 2 i^UTSSRAAS? 
WJCDmfHCDr3>f r >lf C b tei^#JgKA^^-7-fflIOm 
<iCDr3>r r >^C b &C^x.6ft& 0 
[0153] ^Wttt, AMt©f{i2mCr$)S 0 

^2mC(btcl X^;fSa^7mi, 7 -f - 

ciOCcfcOWff^lfSi^D, v>^;l/x> FA^^c 
tt, X-Y a**7CCttJ0»itSCitcJ:0*JS^ 
2{S<t&£ 0 

[0 15 4] miomxit, iHgLififlSl 1 OCDJSItoA 
*tt^iS«Effl^*T<fc©iaiCC2mffl©=i>f f >1fC a 
OM^JlHlSSch 2 mflCD^>f c >1^C cCD^JlelSSi^ia 

RA^iKFi^SKffl^tfST-iOIHK: 2 mM<D^ 

^Sa«^tC^ 0 0 7 CDa@L±iiHlHlS 1 1 a 
OflS©SP»©«JSS«, 06OD«ffitifI|DlgSl laiR« 

[0155] $«lrit A#S*©ffitt2 mC-C*S. 



• 



(14) 
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2te£fc5. 

[0156] S8©0J-e«. iRJUttffiSl 1 OODS^A 
TJiii-T- t Sfe W^jJS^- £ ©If tC 2 mffl© a > C a 
©MJ'JIlSSi 2 ml©3>f>tC c ©&?«§<!: #B; 
^JfC^MSn, *^3>f I >-^C acc&?otc;w ->?S 
a*JS»3tir«,»4. im^tc, ?HflU#ifiSl 10©#£ 10 
teA^ST i^SfefcB^^i ©rate 2 mfl©=J >f=> 
•9-C a©&?iJ[HlgS£ 2 mfi©3>f : >-t>-C c ©&MHS8 

^Sa*miin S 5„ H 8 ©aiJJUeniliS i i a 
©ffe©gB#©«j&«. BeoSJfWBBHd laiRtt 

[0157] *#a-c«. AMf©I(i2mCr&5„ 

#*2mC£&r>. ;>^S a£;t:7ttTS£. 7^- 

;l/;t> KA;*JB$K:H\ x-T a*^->{c^]ip^-S 

«. X s a £tf ^ (c^O C t fc J: 0 *ijf# # 
2fi&<fcft£„ 

[oi58] H9©«r». mnma&i 1 o©s«a 

^S^ L iSfea}^3S^i©^{Cmfl©3>7 :: >-^c a © 
^J0&#g§&3*iTI,>5. pjficc. fSSIPPf § l 1 0 

©#SK A^JJS^- £ #K$Effl73$ST- £ ©US tc mffl© n > 
^>-^Ca©^iJH?g*5^ 3 ^- cc ^ o £ fc fwmJf 

teSl 1 0©SfeA*^fc2mii©r3>7 :r >-!fCbAS 
jg^^fi, ^fMxIsATjijrF-tc 2 mfl©=i>7 :r >-t'-cb*i 

stir 

[0159] JEfUT^n^A^UffV i n ( + ) ifi^ti 
-/^fSl, S 1 a ^/h LTSKA^SgT-fflijcD 2 
m{l©n>7 =: >^cb(C^P,n.S„ ^ffliJT^-o 
^A^mHV i n ( - ) #s^*i-ett* ^,?si, SI 
a ^/M^ril^teA^SiP-ffliJ©^ >7 r >-y-C b tC^A £ 
*i3o iSS{ifflJS^JIVRT*s-S-*i-eft*-Y » 
2. S2 a^LrSiteA^^-ffilWmffl©^^^^ 
C b *j J: 0^^teA^7^-?-ffliJ© m 11© 3 > -J* c b (C 40 

S 2 , S 2 a ?r^Lr^JS^A^ffl^-fffJ©m®©3>f ; 
>tCbfcJ: C>*#S3g A^ffi^fiJ© mfi©a>f r >1*-C 

[0160] *«Ttt. 7 ^ - K/\* - y ^mmcomitmC 

®m<Dm& 2 mCt tut). ^»fsia, S2a^ 
7CCT££. A^S*©«I*5mCi^§ 0 bfcAior. 
MS&^^x> KAANFfctt. X-Z-vfS 1 a. S 2 a 
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*x>KA#B*K:tt. x^,fsia, S2a^^, 
^Sl, S Ztm^t-CX-i •y?>>/mttZ>C±t l cj:t) 

mmffi 2 fgi^cs. 

[o i 6 i ] 01 o©«r«. ftftWlBi i o©£3s 

A^jS-?-iSliffl^;ffi-?- < « : ©ratCmfi©=i>7 ; >-9-c a 

o <mm& a# £ i ©rate mil© =i 

>^>*Ca©aBXIHB*JSSttStiri»i. A* 
iftel 1 0©SlsA^T-«C2mffl©=i>7 :; >i^c c 
©aBaJBBtfftKSfi, =i>7 ; >1fC c ©MMilSg(t 2 

*?-{C2 mfi©a>7 s >-y-C c©^iJHS§*s^§n, 
n > If C c ©&?«§«; 2mM©n>^>-y-Cb*i 
^^^-y-CctC^JtJjc^^^^Sa^g^ 

snrc^„ h i o <Dm$mm®B& 1 1 a ©ffe©gfs#© 

B 6 ©?S?HifiBiIS8 1 i a iH»T*S. 
[0162] 7 ^ - Frtj ^SiOKimC 

i?**. xY^sa^xcr^i, A*gfi©ti*5 

2mC£&9. X-f^Sa4t7(ct5i > A#§S 

mat, sa**7{c-r^ci{c«fc»3f«jff^i 

*>fc?-&C£fCcfc9f<Jf##2 {££&£„ 

[0163)11] ©erctt, smwis 1 1 o ©£*& 

A^S^-iSfeW^S^-<!:©ra(Cmfi©=i>f ; >-y-c a 

oa0ma»*JSfe»3nrt»*. matte, ssswsgi 1 

0 ©#KfeA#8^£#K3teffi#^£©r.8(Cmffl©:a 
>^>^Ca©^J@?S*i««3nrt,^. iHg 
Si 1 0 ©SILAftSSTtC 2 mffl©n>f r >t'"C c 
©ife5«BB«JSa«S n >f r >-y-C c oaBnjBHfK 2 
mfflO^f^Cbaigtfteft. 3>^>-y-cb(Ci6 

S-?tC2 mfi©n>-r>1f C c ©a^JlelgS^SM^n, 
3>7 S >-^C c <DW*M$&lC2 mfl©=J>7 :r >itc b *5 
gMSti. :3 >7 r >'!fCbtc3t^Jtc^'('^^SaASg^ 
Stir^S. 13 1 l©aSS*9»IH88l 1 a©ffe©g|J#© 

mmt, Be<o»mmat&i i a©«^igi«r& 

[0164] *«T?J4. 7 -f - pyt, *gfi©<B«m C 
r*S„ X^^Sa^XC«i, A^S©ffl*5 
2mCi&f). X^,fSa4t7iC«i. A^SS 
©fii^mCi/feS. Vfctf-oX, mm#rf)l>x^F\jj 
mid*. ^ -f *?Sa^7tctSCi KiD^ i 
ei^c<3. ^>^x>h-A*^c«. x^fSaS 

[ 0 1 6 5 ] H6-H 1 1 ©M#WI@K 1 1 atCfc^ 
t\ ±IH©J;^tC. ^-f ^^S a(iMOS h 
tcJiOlf^sns. *ntcj;f). X-f^SaW 



30 igig 
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s. «#ti*igi i o ©K*A#^*fc«#E«A:& 
m=F-tc®m#winstiz>£. mwwammi i a com* 

[0 16 6] m6to£Vmi<Dm'V&. X^-^Sa*S 
[0167]*^ X^^Sa^3 >^>-^CCM^JCC 10 

[ o i 6 8 ] meow-ax. x>r »>^sa^^>f r >if 

tK}a©««*ffi£CCWDIiTC£#T#S. L/c#o 

06©W«fc#£lA> o 
[0169] Sfc, i9(DWr(J, X^^S 1 a, S 20 
2 a^3>f>f-C b J:HA»Si$ntt^o 
ajCC, n>f r >ifCb^j^^^^s 1 a, S2aJ:0fc 
A#fflfcS*ftSftT0>4»&, ^-f^Sla, S2a 

#tf6o< ciKitti., 12 9©W©J:5K:. *-f**S 
la, S 2 a^a>f r >1tCb <fc feA*flBCCS«3ti 
&C<tfc:<fcr> v ^-f^Sla, S2a^7^Cg 
SSnfcJI^Y-^Sla, S 2 aCC c fc^r3>T r > 30 

[0 1 7 0 ] HI 2ttHl ©r^ny-^^Jl/^ftll 

w%^ti@ikh. iai 3izmi 2©u*:/a/d:3>^- 

<fr<E>o 

[0171101 2lCte^X, 1t^A/Dn>^*-^9 40 
ate, *»«EE*«ftrS»»«EE»*a»9 2. 9 3 
a, 9 3 b fci > a- u - ir 9 o 4fA 

[0172] SW«E?S£iaB9 2 W\ KTUK&ftSti 
tcmk<DmKRfrhUZ> 0 g2£SJI^£I§!B9 3afci\ 

ass 9 3 b a, aw«csa*snfca»©afSR 1 

[0173] S!»SE^iaB9 2 tt. IKSttffllSVtt 
BE V R T «r*W ^y-FN91<b {S«fiiffllS*«ffi V R 50 
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BiSt^i^- FN 9 2<t©BI«:SStt3nrCi5. g*£ 
«E*£HIB9 3aB. *«tW*a»«EVRTt«W 
5^-FN93i ffittttffll&ttttBE V RB«»«/- 
KN9 4<h<DHK:, X>f^S24, S2 5*^Lr8 

««e v r t *** * ^ - f n 9 3 ± <g«ttffiis*«E 

VRB*S»£-/- FN9 4±©BteJ8«S*VT:t,>S. 

mmmsM^mms 3 a©*iB>- fn9 5 ±sae«E 

ffe£@B9 3 b©^-'- FN 9 6 £©fHKCtt, 
[0174] SmilEE^HB 9 2©!eSRm©«n^[ 

cc*n-eti»tt*aBB«E3wsfeiEasti*. mate* s« 
«e»^0K9 3 a©ffiKRB©sstt*«:-e-ti'enaft 

9 2CCct0#6ti&a&4aBH«E*iE«»|l«BEV r 
ef ( + ) <bP¥-fc 0 *««B36£IIIB9 3aK:<fc>)S6 

n 4 s& a mmmj£ z nmmmmK v r e f <-> 

[0 17 5] StSmH^@B9 3b©Efira>-FN9 

6 cc «, v r t ti&n&mmmnFEv 

RBi©*HI©«BEr*itt i raa*«EEVRT 1 ( = 

(VRT-VRB) /2) 3W£flES*i*. 

[0 176101 3&t^rf cfc5K v »3>^U-*9 0 
« v atSPtftI89 1. n>7 :r >1fCl, C2W^>( 

•^S13-S18 £^t? 0 jR**MS9 1 <DfxMXt) 
^i^U#ifrF-£©»|K:X-f ^Sl 3#j$«3 
ft* #SKA*«KF i #K«HJ*»?- t ©M 
S 1 4*sttR3tiT<r>«. ft)PM09 1©S<E 

T-tc»n>f !f >1fC2^Sa3tirc*4. ^>f r >1f C 
HCt^^^Sl 5, S16#g8tt3ft> ra^f^-p- 

C2cc«x>r i 7, s i 83&s«ttstirc»s. * 

fc, m 1 2 #n is- $ 9 0 ©X A v * S 1 

3, S14©i^fKbtt^ B 
[0177] JEfflOT^n^A^mffiV in ( + ) 
iEfSJSm^EV r e f (+) ****i-e*i;*-f y^Sl 

5, S 1 6^r/M/rn>f r >ifC l(C#it5tiS. * 
fc, aflPJT^nyA^EEV i n (-) Ufftimi 
miEV ref ( - ) >f^S17, S 1 8 

[0178] fiBJSWMrtt. X>f^S13, S14, 
SI 5. S17^t>l, X^^S16, S18tf* 
7Ltl^ B X>f^S13, S14^^7l/c 

X-f ^S15, SI 75:^70, X^^Sl 

6. S 1 8**>TS. *>f 1 3. S14^t7 
L/c^-C, JSIff«iHg9 l©S«A^«^fcJ:O^S 

RA**^©*!* (V i n ( + ) - Vr e f ( + > ) 
M&L, ^SEA^JiS^WE** (V i n (-) -Vr 

e f (-) ) gifrr&o asmiftK:, i»7tn^A** 



29 

E(Vin ( + ) -Vin (-) ) tmU&mMK (V 
r e f < + ) -Vr e f (-) ) t&tmZtl, JtfettS 
*K:jSDrjEffllT^P^Hi*«EVou t ( + ) te<fct>' 

[0179101 2©S£fc<Dn>/*u-£g 

[0 1 8 0] HI 2©-F:/A/D3>A-£9aCC**lr> 

1 8 */r UTSHMWI56£|IIB 9 3 a te<fc 9 ^ti^tim 

te&nmmmmfrv r e f (-) ^6ns 0 

^U-£9 0(Dri>f r >1fC2&c;W y^S 1 8£/rL 
TSie«EEaft|5IB 9 3b t/Cj: K) V R T 1 

[0 18 1] CO<t^CLt, f^A/D3>A-^9 

[0182] SiSmBE^^IU^ 9 3 b *R^1* 

- f n 9 5 tmmmKm^m 9 2 <d -/ - f ±©ih 

[0183]il4(ill ©7toy-f^^;bSfti 
Bl W^t^A/D3>;^3f9 aCDflt)&<Djg2<D 
0(**Vr@KB> 0 1 5«H 1 4CDtf ^A/D3>^- 

[01841114 Ccteor, «*B«EE«^EIB 9 3 a 
(Dtpms- FN 9 5 iSHI«E^lHlB9 3 bOWl^ 
~FN9 6<h(DfSK:fcJ\ ai2^^^S2 6«i 

[0 1 8 5 ] HI SCC^RTcfc^CC, &3>^U-^9 0 
iRfMBiPBS 9 1 > ^>*r>1fCl. C2toJ:^^ 
^S13-S18*t*, 3 6M^^S21, S 
2 2^t?„ X>f^S2 10-»i3>f>KHC 

sessn, x^^s2i©«raft?nti^ e * 

-/**S2 2 0~ffi«n>-r>itC2^^$n, ffiS 
«H 1 4 <DSm^JE&&m 9 3 b©*ra^- FN 9 6 tc 
ffiKStirt**. 13 1 5<D:n>^U-£9 0©ffiCD8B» 
©J*J?R«, HI 3©3>^U-dr9 0©»JSEi|g«-C* 

[0 18 6] SmnEE&£M 9 3 b 0 *IHS!SI*JE 
VRTl^^f ->^S 2 2^/M,rz3>r : >1fC2^ 

[0187] ^«J#:/;I/X> FA*B*©H1 5<£>3>^ 
U-£9 OcDS&m*. @1 3 cd^j j?90 CDIftfp 
£|5j1ir&£ 0 COtg. X>fyfS21, S2 2ttf 
B$t7ltl^ 8 ^>^x>FA2>H$CC«\ *Av* 
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S 1 %<Dft l t>*yK.*A v?S2 2*mt$M:Zo C<Dt 
X^^S2 1«ffl$t7ltt,^ 0 

[0 1 8 8 ] H 1 4<D1f:/A/D:a>^-*9 atctet* 
H»y^;bx> FA*l*«ctt % X>f^S24, S 

>f r >^C2^CX^ 1 8£/rUTS*g^EE^£[Hl 

5§9 3 afciij-tti-enattiftaaiJiimEEVr e f 

(-)^6W. ^>^x>FA#B$CCtt, x-f 
10 ^S24, S25^t7L, ? 1 8CDftfc>D 

9 o ©3 >f c >ifc 2^/^s22 £/r urs^m 

£E?6£H» 9 3b ttCj: D cpBAXUMBE V R T 1 6 

[0189] C<DJ:5K:0T, tf*:/A/D:a>/*-£ 9 

[0190] &*5 k g3>^'l/-^9 OK*-/ ? ?-S 2 

20 (D3tfM4*WfiS-rSfcfe(c«, x>f>^S2 1 *g8^S 

[0 1 9 1 ] Ml 6fc£H3©T^ny-7^£Jl/^&[i| 
Bl CC^n^^2K§CDIlK4p^cr)-^^A/D3>7^-^ 
9 b(D[HSg0"C£>£ o H160f^A/D3>^-»9 
b tt£MyrjJt« (7^^->^) SSf^A/D3>;^ 

[0192] IfT'A/Da^-^g btt, £*£«EE* 
^SJB«JB6^ls|» 9 4, 9 5 <£ CfltSMI© =i 
> ; ^-f 9 0 3^6tllJi!EStiS. SiB«EE»*|5|K9 
30 4, 9 5(D&*«. fi!SR2, 2 nfflCD&fitRteJ^iS 
laR 3 J£faR2, R 3 «^ft^ftffitaR<Dn 

fiO»taffl%^r*r4. ffit*R2, 2nfflOffiiSR*j<t^ 

sfSR3«, mmmmmmEEVRT2*$:V2>s~ f 

N9 7<fcfi«tM(|«J|l«IVRB2%Stt6^- FN 9 
8<fc<Z>HKffi«SftTl>£ Q ffifaR2 0DM^(C«X>r y 
^■S2 8*sgSttSti, «tfiR3<DW»*Ctt*-/ sr*S2 

[0193] si»sfiE^iais9 4©aaaRm©ffiK^ 

40 WE»£[IIB9 5 0fiJjftR|B©«*bScc*ti*h»tt4 

4CC<fc0f#6)n4S«cSa*(l«ES:iE«jaiS«BEVr e 
f ( + ) iPf^. S2»«EIB^IslB9 5W:<fc0f#6h4 
aaS»*H«E*fiMffi(l«EEV ref (-) £P?& 0 
[0194] iEWr^n^A^^EV i n ( + ) 
JEMS^mEV ref ( + ) #**veft* >f ^ S 1 
5. S 1 6£r/rLT&3>^U-£9 0Or3>r r >1tC 
lCC**6hft. ©{SiJT^u^A^mEV i n 

(-) *J<fcCfftflBSJ|l«EVr e f (-) ifi*ti*txx 
50 >f^S17, S18^LTS3>;^-.^9 0O3 
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[oi95]ccr, ffim&pjanimEEv rt2 £<gm 

fir{BS»SBEVRB2icr>^«V I N„. p /8CC^S 
ft*. S«I«BE«^I1I89 5. 960^^^S28, 

p. p /16t^^ 0 X^^S28, S29?:t 

CCDJr^KibT, U":/A/Dn>^-#9 bTtt, 10 

r#£ 0 

[0196181 7ttB3©T:f ny-f^^^JftH 
KHC*5^^2©g(D[ilK4rtOD/An>y^-^ 1 0 

CD(p]8§0rab& o §1 70D/A3>^^r l 0«gl 

■rsaiii«EE»*HK9 6. ru-r«cc«s»stifc*ti 

*ftBM©iEW©* -fyfSSl, S52, fflKfl© 
mOT©*^ '^S5 3, S5 4, ffl^fflcDiEffliJ^>7 r > 20 

[0 19 8] SiHSEE^@8g9 6tt. fS5xR4, tHK 
■©aRR*J:C«BaaR5*6tt*. filnR4. R5 

*ffi«J*ai«ffiVRT3*S^S-/- FN 1 0 1 iffim 
fi[ffJSi|l»EEVRB3*S^a^- FN 1 0 2i©IBCC 
S^R£SS3tiro4. SSfSR4©pTOlK:tt*-f v*S 
3 0#&«&3ft, S£iR5©W$gK:«*>f ?*S3 1 # 30 

»K3tiri»4. 

[0199] a>f>tC50 t C5 HJt^tElCg 
ttm^o r3>f r >1fC5 0©— -fiCDtfk* (&Cf % 
tftfjB^iPfcSO N 1 1 l*6«SttjEfflUa^;*£EVD 
A ( + ) #fi5SS*l, 3>f>tC5 1©— #©«£?■ 

Ui**¥-405) Nl 1 2*>6WS«mWJffl^ 
1EVDA (-) ft**, &3>r>1^C 

5 0, C 5 1 ©ffi;£©^4A#»?- 

[0 20 0]#X^f^S51 ©— ^©BT-tefii/iR 4 
iStaRiOIBO^- FN 1 0 3tcSM*S*i, ffe*©S 40 

7 A vf-S 5 2 CD— #<Dtt^tt«iiR5 <tffiiaR<t©fffl 
©-/-FN 1 0 4«C««l3ti 1 ffe^<Dffi^«n>f r >^ 
C5 0©A#BW»fcStiri»S. §^^^S53 
©— #© JS^F ttffita R 4 £ jfflR R £ ©IB© -> - F N 1 0 
3CCStt£ti. ffe^©^^n>f r >ifC5 1©A*S 
iF-CcSSKStiro*. SX-f7fS5 4C[)-^WJ 
ffitfiR 5 £ffiCIR £©«©-'-- FN 1 0 4 tk 
ffi^©ST-^n>7 r >^C 5 1 ©A*4&?tC»R3tir 
l><5 0 50 
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[020 1 ]^^^S51, S52, S53, S54 
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